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Applicant: Mitsubishi Gas Kagaku K.K., ToJcyo, JP 

Title: Method for the production of phosgene 
[Abstract] 

[Problem to be solved] 

The present invention is to provide a method for the production 
of high-purity phosgene. 
[Solution] 

Using activated carbon as a catalyst, carbon monoxide is 
reacted with chlorine to obtain crude phosgerie with a 
carbon-tetrachloride concentration of lOOppra or lower. The 
crude phosgene is then liquefied at a temperature of -40 to 
7*C and then evaporated at a temperature of 9 to 25 'C. 

[Claims] 

1. Method for the production of phosgene, characterized by 
reacting carbon monoxide with chlorine by using activated 
carbon as a catalyst to obtain crude phosgene with a 
carbon-tetrachloride concentration of lOGppm (volume) or less, 
and then purifying the crude phosgene by liquefying the same 
at a temperature of -40 to 7*c. 

2. Method for the production of phosgene, characterized by 
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reacting carbon monoxide with chlorine by using activated 
carbon as a catalyst to obtain crude phosgene with a 
carbon- tetrachloride concentration of lOOppm (volxime) or less, 
liquefying the crude phosgene at a temperature of -40 to 7*C, 
and then further purifying the crude phosgene by evaporating 
the same at a temperature of 9 to 25 'C. 



3, Method according to Claim 1 or 2, wherein the carbon monoxide 
used therein has a methane content of lOOppm (volume) or less. 

4. Method according to Claim 3, wherein the phosgene purity of 
the purified phosgene is 99% (weight) or higher, and wherein 
the carbon- tetrachloride concentrate is lOppm (weight) or 
less . 

[Detailed description of the invention] 
[0001] 

[The technical field of the invention] 

The present invention concerns a method for the production of 
phosgene, more specifically to a method of purxfying crude 
phosgene obtained under specific conditions. Phosgene is 
useful as raw material for polycarbonate resin. 

[0002] 
[Prior art] 

Polycarbonate resin is a thermoplastic resin with superior 
mechanical, strength, impact resistance, transparency, heat 
resistance, etc. Polycarbonate resin is also an engineering 
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plastic that can be processed through various molding methods 
such as injection molding, extrusion molding, vacuum molding , 
etc., and it is used for various industrial purposes. 

[0003] 

Production methods of polycarbonate resin can be roughly 
divided into solution polymerization methods and melting 
methods ( transesterif ication methods) . The solution 
polymerization methods can be further divided into the pyridine 
method and the interfacial polymerization method, and the 
interfacial polymerization method has been employed 
conventionally in the production of polycarbonate resin. 

[0004 J 

In an interfacial polymerization method, aromatic bisphenol 
is dissolved in a caustic alkali solution, then reacted with 
phosgene in the presence of an organic solvent, if necessary, 
a polycondensation catalyst can be added thereto, and the 
mixture is stirred to conclude the polymerization reaction. 
Cbloric compounds, generally included in the phosgene as 
impurities, are kno-wn to affect the hue of the polycarbonate 
resin, and in order to solve this problem, phosphite-based, 
thioether-based, and hindered-phenol -based stabilizers are 
generally added as the stabilizers for polycarbobate resin. 
However, since the addition of these stabilizers deteriorate 
the resistance to hydrolysis and the color development of the 
dye and pigment, it has been desirable to obtain excellent color 
development without the use of stabilizers. 

3 
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[0005] 

As a method for improving the purity of phosgene, JP Patent 
Publication No, 6-846 discloses a method for producing phosgene 
by reacting chlorine with carbon monoxide with the total sulfur 
concentration of 3 0ppm or lower. The phosgene obtained 
according to this method contains less sulfur compounds, but 
the transparency at the time of molding the polycarbonate resin 
using this phosgene as the raw material remains insufficient. 

[0006] 

JP Patent Application Disclosures Nos . 62-297320 and No. 
62-297321 disclose the use of phosgene with a carbon- 
tetrachloride condensation limited to a specific amount as raw 
material for polycarbonate resin. With this method, it is 
possible to prevent mold corrosion to a degree since carton 
tetrachloride remains in the obtained polymer to an order of 
several tens of ppm, but the heat-resi stance of the polymer 
remains insufficient. 

[0007] 

[Problem to be solved by the invention] 

With efforts to solve the aforementioned problem, the inventors 
of the present invention found a way to obtain phosgene with 
less chloric compounds, especially less carbon tetrachloride, 
through an interfacial polymerization by specifying the 
methane concentration in carbon monoxide, which is the raw 
material for phosgene, specifying the carbon-tetrachloride 

4 



2004$ 5^268 imn SoncerhoffiEinjel H 



NO. 7290 P. 7/17 



concentration in crude phosgene, and by purifying the crude 
phosgene under specific conditions. 

[0008] 

[Meajis for solving the problemj 

The present invention concerns a method for producing phosgene, 
characterized by reacting carbon monoxide with chlorine by 
using activated carbon as a catalyst to obtain crude phosgene 
with a carbon-tetrachloride concentration of lOOppm (volume) 
or less, and then purifying the crude phosgene by liquefying 
the same at a temperature of -40 to TC. and also a method for 
producing phosgene, characterized by reacting carbon monoxide 
with chlorine by using activated carbon as a catalyst to obtain 
crude phosgene with a carbon-tetrachloride concentration of 
lOOppm (volume) or less, liquefying the crude phosgene at a 
temperature of -40 to I'C, and then further purifying the same 
by evaporating it at a temperature of 9 to 25 'C. 
Phosgene with less chloric compounds, especially with less 
carbon tetrachloride can be obtained according to the method 
of the present invention. Furthermore, by using the present 
phosgene as the raw material for polycarbonate, polycarbonate 
resin with superior heat resistance and color development can 
be obtained. 

[0009] 

[Embodiment of the present invention) 

In the present invention, carbon monoxide is reacted with 
chlorine by using activated carbon as a catalyst to obtain crude 

5 
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phosgene with a carbon-tetrachloride concentration of lOOppm 
(voliime) or less . Impurities in the crude phosgene are removed 
by purifying the crude phosgene, eind it is preferable that the 
carbon-tetrachloride concentration in the crude phosgene be 
lOOppm (volume) or less in order to reduce the load during the 
purification process, to reduce the processing amount of 
irrpurities discharged from the purification process, and to 
reduce the amount of impurities remaining in the purified 
phosgene. 

And as a means to reduce the carbon-tetrachloride concentration 
. in crude phosgene, it is preferable that the methane content 
in carbon monoxide be lOOppm or less. 

[0010] 

•The reaction temperature is 50 to 400*C in general, and a 
suitable amount of activated carbon to be used to produce 
phosgene in an amount of Ikg/h is 0.1 to 10kg. The use of a 
larger amount of activated carbon does not affect the reaction. 

(0011] 

It is preferable to add excessive amount of carbon monoxide 
to chlorine so that there is no unreacted chlorine remaining 
in the crude phosgene, and carbon monoxide is reacted with 
chlorine in a proportion of 1 . 01 to 1 . 4 mol , more preferably, 
in a proportion of 1.01 to 1.3 mol. per 1 mol of chlorine. 
When the molar ratio of carbon monoxide to chlorine is less 
than 1.01, unreacted chlorine will remain in the crude phosgene, 
and when said molar ratio exceeds 1.4. the amount of unreacted 
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carbon monoxide becomes excessive, requiring large-scale 
purifying equipment, and thus such molar ratios are 
undesirable . 



[0012] 

After obtaining the crude phosgene, purified phosgene is 
obtained by liquefying the crude phosgene at a temperature of 
-40 to 7'C to remove the low-boiling components. Examples of 
the low-boiling components are carbon moncicide, methane, 
ethane, etc. Since it is environmentally in^roper to emit 
unreacted carbon monoxide into the atmosphere, it is necessary 
to provide equipment for its elimination, and considering from 
the composition of the low-boiling components, it is 
economically desirable to use equipment with an incinerator. 

[0013] 

It is preferable to remove high-boiling components by 
evaporating phosgene at a temperature of 9 to 25 'c after 
removing the low-boiling components according to the 
aforementioned method so that phosgene with higher purity can 
be obtained. Examples of the high-boiling components to be 
removed are chloroform, carbon tetrachloride, chlorine, 
carbonyl sulfide, monochloroe thane, dichloroethane . etc., 
•which affect the quality of polycarbonate . 

[0014] 

The obtained purified phosgene is used as it is for the 
inter facial polymerization reaction of polycarbonate, but it 

7 
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is preferable thaC the purification thereof is 99% (weight) 
or more and that the carbon-tetrachloride concentration is 
lOppm (weight) or less. 

[0015] 

Generally in interf acial polymerization reactions , an aromatic 
bisphenol compound is dissolved in a caustic alkali solution, 
and then phosgenation reaction is carried out by introducing 
phosgene thereto in the presence of an organic solvent. If 
necessary, polycondensation catalyst can be added thereto, and 
the mixture is stirred to conclude the polymerization reaction. 
The mixture generally separates into an organic layer and a 
water layer when the polymerization reaction is finished, but 
when the separation is insufficient, stationary separation or 
centrifugation is employed for the separation. 

[0016] 

After neutralizing the obtained organic layer (polymer resin 
solution) with mineral acid, a purified resin solution is • 
obtained by means such as centrifugation. The purified resin 
solution is gr^ulated by dripping it into stirred hot water 
or introducing it to a kneader. The obtained granulated 
product is dried with a drier to remove the remaining organic 
solvent and water to obtain dry polycarbonate resin granulates 
suitable for extrusion and molding, 

[0017] 
[Excunples] 
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The following exainples are the illustrations of the present 
invention, but the present invention is not limited to these 
e>camples as long as it does not exceed the purport thereof. 

[0018] • - 

(1) Analysis of methane contained in carbon monoxide: 
Quantitative analysis of methane-containing carbon monoxide 
was carried out through capillar^^ gas chromatograph (carrier 
gas: high-purity nitrogen), and the concentration was 
converted into ppm (volume) . 

[0019] 

(2) Analysis of impurities contained in phosgene: 
Quantitative analysis of phosgene was carried out through 
capillary gas chromatograph (carrier gas: high-purity 
nitrogen) , and the carbon- tetrachloride concentration was 
converted into ppm (weight) and the purity of phosgene was 
converted into % (weight) . 

[ 0020] 

(3) Production method of polycarbonate resin powder through 
interfacial polymerization method: 

7kg of bisphenol A, 31 Q of 8 • 8w/w% aqueous sodium hydroxide 
solution, and 30g of hydrosulfite were introduced into a 100 
fi agitation tank installed with an ajiter-type agitator 
(manufactured by Shimazaki Seisakusho, with 2 triangular 
blades and contrarotation of 135cpm) to dissolve bisphenol A, 
11 Q of methylene chloride was added thereto, and while 
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stirring the same with ajiter-type agitator, 3 .4kg of phosgene 
was blown therein in 30 minutes to carry out phosgenation 
reaction . 

Agitation was stopped after the phosgenation reaction, and the 
mixture was stationarily separated for 5 minutes. Ther; a 
solution obtained by dissolving 295g of p- t-butylphenol in 2 
Q of methylene chloride, 4 G of 8.8w/w% aqueous sodium 
hydroxide solution, and 9 Q of methylene chloride were st.\rred 
in as terminal stoppers. 5 minutec later, SOinfi of 
triethylamine was added to the reaction solution under stirring 
as a polymerization catalyst, and the mixture was fxirther 
stirred for 60 minutes to conclude' the polymerization reaction. 

[0021] 

The polymer .resin solution was separated into an alkaline vfatez- 
layer and a polycarbonate resin solution layer. After 
removing the supernatant, 5 6 of methylene chloride and 10 
Q of pure water were added to the resin solution, and the 
mixture was stirred with the ajiter then separated with a 
centrifuge. 10 Q of 1% phosphoric acid was added to the heavy 
liquid, i.e. polycarbonate resin solution, and stirred for 3 0 
minutes, and then the solution was centrifuged to obtain a 
purified polycarbonate resin solution. 6 G of n-heptane was 
added to 30 Q of the purified polycarbonate resin solution, and 
the mixed solution was dripped in 60 minutes into 100 Q of hot 
water kept at 45*0 while stirring. After the dripping, the 
hot water was heated to 100 'C to obtain a water-slurry solution 
of polycarbonate resin granulates. The slurry was filtered 

10 



2004$ 5fi268 Iief22i} SoaderhoffiEinset 11 



NO. 7290 P. 



to obtain wet powder, and then dried for 4 hours at a temperature 
of 145 'C to obtain dry powder. The viscosity-average 
molecular weight of diry powder evaluated by GPC was 21300, 

[0022] 

(4) Extrusion of dry powder: 

The dry powder was supplied into an extruder with biaxial vent 
(screw diameter (D) : 65mm, total length (L/D)=30, vent part 
ILv/D=4) for pelletization . The extrusion was carried out 
lander a condition where the maximum temperature of the resin 
was 2 80 'C and where the vent pressure was 9 Torr, and the solvent 
was exhausted from the vent. 

[0023] 

(5) Evaluation method for the color difference: 

Each pellet was continuously molded into five 3mm thick SOmm 
X 60mm molded pieces by using an injection molder (Neomat 
350/120, manufactured by Sumitomo Jukikai Kogyo K,K-) under 
a condition where the resin temperature was 320 'C, the" mold 
temperature was 100 -C, and the holding pressure was 1000kg/cm^ 
The color of the molded pieces was evaluated by color difference 
meter manufactured by Nippon Denshoku K.K, , and the YI value 
(barometer for indicating yellow tint) was evaluated. 

[0024] 

(6) Retention molding test method: 

In the aforementioned color difference evaluation method, the 
molten resin was continuously molded into 5 molded products 

11 



2004? 5^268 1 1^22^ 



Soncerho f UE i nse I 11 



NO. 7290 t' 14/17 



after retaining the same in the injection molder for 20 minutes , 
and then the hue of the molded product was evaluated by the 
color difference meter. 



[0025] 

(7) Melting test of pellets: 

4g of pellets were put in a test tube, and after drying the 
sajne for 4 hours at 120 'C, the test tube was inserted into a 
block bath maintained at 340 'C to let the pellets melt for 1 
hour under a nitrogen gas flow. Then the viscosity-average 
molecular weights before and after the melting were measured 
by GPC to evaluate the decrease, in molecular weight. 

[0026] 
Example 1 

CarLon monoxide gas with a methane content of 30ppm and chlorine 
gas were fed into a cylindrical reactor (inner diameter 10mm 



X length 500mm) with a cold-water jacket filled with activated 
carbon in an amount of 2.25 Q /min. and 2 . 1 Q /min. respectively. 
The crude phosgene discharged from the reactor was cooled to 
-10 -C to remove low-boiling components and to obtain purified 
phosgene. The carbon- tetrachloride concentration of the 
crude phosgene was 24ppm, and carbon monoxide and methane were 
detected as impurities through capillary gas chromatography 
of the low-boiling components. The purity of the purified 
phosgene was 99.85%, and the carbon- tetrachloride 
concentration thereof was 1.7ppm. 

Using this purified phosgene, polycarbonate resin powder was 

BEST AVAIUBLE COPY 
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produced according to the aforementioned method. The powder 
was extruded, and hue, retention-molding test , and melting test 
of the pellets were conducted. The result is shown in Table 
1. 

[0027] 
Example 2 

Carbon monoxide gas with a methane content of 7 0ppM and chlorine 
gas were fed inco a cylindrical reactor (inner diameter 10mm 
•X length 500mm) with a cold-water jacket filled with activated 
carbon in an amount of 2 .25 Q /min. and 2 .1 fl /min. respectively. 
The crude phosgene discharged from the reactor was cooled to 
2'C to remove low-boiling components, then heated to 18 *C to 
vaporize phosgene only to remove high-boiling components, and 
thirn cooled to -20 'C to obtain purified phosgene. Carbon 
monoxide and methane were detected as impuritivis through 
capillary gas chromatography of the low-boiling-ccmponent gas. 
Carbon tetrachloride, carbonyl sulfide, and dichloroethane 
were detected as impurities through capillary gas 
chromatography of the high-boiling-component gas. The 
carbon- tetrachloride concentration of the crude phosgene was 
26ppm, and the purity of the purified phosgene was 99.95% and 
the carbon- tetrachloride concentration therein was Clppm, 
Polycarbonate resin powder was synthesized using this purified 
phosgene . The powder was extruded, and hue, retention-molding 
test, and melting test of the pellets were conducted. The 
result is shown in Table 1, 
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[0028] 

Comparative example 1 

The same processes as in Example 1 were carried out except for 
the process of removing the low-boiling components. The 
carbon-tetrachloride concentration of phosgene was 27ppm, and 
the purity thereof was 86%. Large amounts of carbon monoxide 
and methane were detected as impurities through capillary gas 
chromatography of the low-jDoilinq components. 

Polycarbonate resin powder was synthesized using this phosgene. 
The powder was extruded, and hue, retention-molding test, and 
melting test of the pellets were conducted. The result is shown 
in Table 1 . 



[0029] 
[Table 1] 





YI value of 


YI value 


Kv before 


Mv after 




the plate 


after 
retention 


melting 


melting 


Example 1 


1,3 


1.4 


21300 


21200 


Example 2 


1.2 


1.2 


21200 


21100 


Comparative 










Example 1 


1.8 


4.2 


21100 


12000 



[0030] 

(Effect of the invention] 

High-purity phosgene can be produced by entploying the method 
of the present invention. The present method is especially 
effective in efficiently reducing the amount of chloric 
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compounds, especially carbon tetrachloride, which affect the 
hue and heat-resistance when remaining in the polymer in a 
process of synthesizing polycarbonate through interfacial 
polymerization method , 

The present invention therefore provides a method of producing 
high-purity phosgene useful as the raw material for 
polycarbonate resin products, such as optical recording plates 
and automobile headlamps where transparency and heat- 
resistance are required. 
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